
 

Figure S1. Single plate Z’ values of the ReFrame library. For each plate of the ReFrame library, a Z’ value was calculated 

with the formula Z’ = (1 – ((3 * SDPC) + (3 * SDNC)) / | RRPC – RRNC|), where SD is the standard deviation, PC is the main 

positive control (NITD609 0.5 µM), NC is the negative control (DMSO) and RR is the main retention rate’s value. 

 



 

Figure S2. Giemsa-stained images of drug-exposed ring-stage parasites. Giemsa-stained erythrocytes infected by a 

ring-stage of P.falciparum parasite exposed 48 hours to NITD609 (higher panel) and TD-6450 (bottom panel). The optical 

microscopic observation was repeated 5 times. 

 



 



Figure S3. Mean simulations from the population of TD-6450’s PK model (80 kg typical subject). Simulations of 

concentration times in healthy subjects based on phase I study modelling, when 500 and 1000 mg single (higher panel) 

and multiple (3 doses once daily, bottom panel) dose is administered, with or without food. Black line is the mean value, 

the grey shaded area shows the 90% prediction interval. 200 nM concentration is indicated with a red dotted line. Iter-

individual variability is shown in grey.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S4. Example of gating strategy for flow cytometry analysis. Post-screening validation microsphiltration’s 

experiment: single downstream sample of DMSO-treated stage gametocytes. From left to right: first plot (FSC-A and 

SSC-A) and gate to select the cell population; second plot (FSC-A and FSC-H) and gate to exclude doublet; third plot 

(FITC-A and SSC-H) and gate to select GFP positive cells; fourth plot (Pacific Blue and SSC-H) and gate to select Hoechst 

positive cells. 
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Figure S5. Stiffening effect of selected hits on uninfected RBCs. Retention of uninfected RBC exposed to DMSO, TD-

6450 or NITD609 during 24 hours before microsphiltration. RBC were either used less than 72 hours after collection 

(“Fresh”) or following 2 weeks in culture conditions at 37°C with medium change every other day (“Sham Cultured”). 

Positive values correspond to retention and negative values to enrichment of the RBC population of interest following 

filtration. Statistical analysis was performed with one-way Anova test. P values are: DMSO vs NITD609 0.0012 and DMSO 

vs TD-6450 0.0007. Individual p values legend: *p = 0.05–0.01, ** p = 0.01–0.001, *** p = 0.001–0.0001, **** p < 0.0001. 

Source data are provided as a Source Data file. 

 

 

 

 

 

 

 

 



Table S1. ReFrame library hitlist with chemical structures and relative IC50 for both killing effect and stiffening 

activity. Results in previous assays to show both effect in Plasmodium replication (72-hour P.falciparum Dd2 

SybrGreen Protein Binding Fold Shift (PBFS) assay) and cytotoxicity (HEK293T and HepG2 72-hour 

Cytotoxicity). IC50 were shown for these assays when the compound was selected during primary screening. 

Name Chemical structure 
Killing 
IC50 
(µM) 

Stiffenin
g IC50 
(µM) 

Group 
Molecula
r target 

“72-h 
Dd2-

SybrGree
n PBFS” 

assay IC50 
(µM) 

Cellular 
cytotoxicity 
assays IC50 

(µM) 
(HEK293T & 

HepG2) 

Atiprimod 
dimaleate 

 

6.67 N/A 

Kinase 
and 

phosphat
ase 

inhibitors 

Human 
PKB/Akt 

NC NC 

Decameth
oxine 

 

8.1 1 
Antibiotic

s & 
antivirals 

Unknown 0.061 3.3 & 4.3  

Oligomycin 
A 

 

N/A 0.5 
Antibiotic

s & 
antivirals 

Human 
HIF-1 

NC NC 

Acetomero
ctol 

 

7.2 5 
Antibiotic

s & 
antivirals 

Unknown NC 0.462 & 1.92 

KF 66854 

 

0.76 3.6 Others 
5-HT4 

receptor 
1.64 NC & 5.08 

Potassium 
antimonyl 

tartrate 

 

3.63 10.7 Others Unknown NC NC 

Bortezomi
b 

 

2.06 N/A Others 

 Human 
Proteaso

me 
subunit 

beta 
type-5 & 

1 

NC NC 



Ammoniu
m 

trichlorotel
lurate  

13.7 2.2 
Antibiotic

s & 
antivirals 

Unknown NC NC 

Methylthio
ninium 

chloride 
(Methylen

e Blue)  

4.85 2.8 
MAO 

inhibitors 

Human 
guanylate 
cyclase & 

nitric 
oxide 

synthase 

NC NC 

Quisinostat 

 

5.2 3.5 

Anti-
cancer: 
HDAC 

inhibitors 

Human 
HDAC 

NC NC 

Gramicidin 

 

0.008 0.07 
Antibiotic

s & 
antivirals 

Bacterial 
membran

es 
NC NC 

Abexinosta
t 

 

2 0.64 

Anti-
cancer: 
HDAC 

inhibitors 

Human 
HDAC 

NC NC 

Eseroline 

 

1.565 2.3 Others 
Human 
AcHEIs 

NC NC 

CRA-
026440 

 

16 0.55 

Anti-
cancer: 
HDAC 

inhibitors 

Human 
HDAC 

0.063 
0.081 & 

0.011 

Alexidine 
dihydrochl

oride 

 

41 0.55 
Antibiotic

s & 
antivirals 

Unknown 0.032 3.33 & 3.06 

Leuco 
methylthio
ninium salt 
(Methylen
e Blue salt)  

23.25 N/A 
MAO 

inhibitors 

Human 
guanylate 
cyclase & 

nitric 
oxide 

synthase 

NC NC 

N-tert-
butylisoqui

ne 
 

9.55 9.45 
Antimalar
ial agents 

Pf 
Hemoglo

bin 
degradati

on 

NC NC 

Unidentifie
d 

compound 

 

3.3 5.04 Others Unknown NC NC 



Romidepsi
n 

 

20 5 

Anti-
cancer: 
HDAC 

inhibitors 

Human 
HDAC 

NC NC 

Bisantrene 
HCl 

 

2.2 N/A Others 

Human 
DNA 

topoisom
erase II 

0.065 
0.054 & 

0.062 

Auranofin 

 

2.575 3.5 Others 
Human 

TrxR 
NC NC 

NVP-
BGT226 

 

0.013 1.6 

Kinase 
and 

phosphat
ase 

inhibitors 

Human 
PI3K 

NC NC 

Oligomycin 
B 

 

5.8 1.55 
Antibiotic

s & 
antivirals 

Human 
HIF-1 

NC NC 

Homoharri
ngtonine 

 

1.73 2.3 Others 
Human 
Stat3 

0.007 
0.032 & 

0.122 

DDD498 

 

1.7 2.6 
Antimalar
ial agents 

Pf EF2 0.004 NC  



Unidentifie
d 

compound 
 

N/A 0.2 Others Unknown NC NC 

Unidentifie
d 

compound 

 

7.45 1.75 Others Unknown NC NC 

NITD609 

 

0.15 0.11 
Antimalar
ial agents 

Pf ATPase 
4 

NC NC 

Bismuth 
ethanedith

iol 
 

1.3 1.5 
Antibiotic

s & 
antivirals 

Unknown NC NC 

YM 161514 

 

5.55 3.6 Others 

Human 
Beta-1 

adrenergi
c receptor 

2.26 NC & 3.97 

SR-26050 

 

2.6 2.9 Others Unknown NC NC 

PPA904 

 

2.415 5.05 Others Unknown NC NC 

Tyrothricin 

 

0.29 5.7 
Antibiotic

s & 
antivirals 

Bacterial 
membran

es 
0.033 1.8 & 1.9 

Pirtenidine 
 

2.785 3.65 
Antibiotic

s & 
antivirals 

Unknown 0.615 1.48 & 0.285 

TD-6450 

 

N/A 0.55 
Antibiotic

s & 
antivirals 

HCV NS5A NC NC 

Cephaeline 

 

1 3.8 Others 
Human 5-

HT4 
receptor 

0.028 
0.014 & 

0.062 



BRD-7929 

 

2.2 3.8 
Antimalar
ial agents 

Phenylala
nil tRNA 

synthetas
e 

NC NC 

KDU731 

 

0.09 0.12 

Kinase 
and 

phosphat
ase 

inhibitors 

Cp PI4K NC NC 

VE-822 

 

0.71 9.5 

Kinase 
and 

phosphat
ase 

inhibitors 

Human 
ATR 

kinase 
NC NC 

Pyrithione 
Zinc 

 

2.5 6.2 
Antibiotic

s & 
antivirals 

Fungal 
proton 
pumps 

NC NC 

PA92 

 

1.15 0.6 
Antimalar
ial agents 

Pf ATPase 
4 

NC NC 

Bispyrithio
ne 

 

0.92 2.35 
Antibiotic

s & 
antivirals 

Fungal 
proton 
pumps 

NC NC 

AR-42 

 

1.5 1.9 

Anti-
cancer: 
HDAC 

inhibitors 

Human 
HDAC 

NC NC 

BN-82685 

 

2.8 4.6 

Kinase 
and 

phosphat
ase 

inhibitors 

Human 
CDC25 

phosphat
ase 

1.74 2.92 & 1.89 

Paranyline 

 

1.9 3.2 Others Unknown 1.87 1.42 & 0.65 

APPCL 

 

1.2 1.03 Others Unknown 1.06 
0.923 & 

0.354 



Bruceantin 

 

0.16 0.02 Others Unknown NC NC 

Sepantroni
um 

bromide 

 

1.35 1.89 Others Unknown NC NC 

Ceritinib 

 

10 10.5 

Kinase 
and 

phosphat
ase 

inhibitors 

Human 
ALK1  

NC NC 

Chlorprogu
anil 

hydrochlori
de 

 

N/A 10.35 
Antimalar
ial agents 

Pf 
antifolate 

NC NC 

Daunorubi
cin 

 

N/A 12 Others 

Human 
topoisom
erase I & 

Iiα 

NC 
0.039 & 

0.126 

MMV-
390048 

 

3.86 3.5 

Kinase 
and 

phosphat
ase 

inhibitors 

Pf PI4K 0.229 NC 

Thimerosal 

 

1.5 0.93 
Antibiotic

s & 
antivirals 

Unknown NC NC 

Peruvoside 

 

N/A 2.675 
Cardiac 

glycosides 

Human 
ATPase 
Na+/K+ 
pump 

9.95 0.02 & 0.032 

Lanatoside 
A 

 

N/A 0.86 
Cardiac 

glycosides 

Human 
ATPase 
Na+/K+ 
pump 

9.95 
0.171 & 

0.136 

Givinostat 
hydrochlori

de  

2.1 1.4 

Anti-
cancer: 
HDAC 

inhibitors 

Human 
HDAC  

NC NC 



CUDC-907 

 

3.32 1.86 

Anti-
cancer: 
HDAC 

inhibitors 

Human 
HDAC  

0.018 0.03 & 0.003 

MLN 576 

 

N/A 5.02 Others 

Human 
topoisom
erase I & 

Ii 

2.04 
0.218 & 

0.413 

Convallato
xin 

 

N/A 0.05 
Cardiac 

glycosides 

Human 
ATPase 
Na+/K+ 
pump 

0.016 
0.026 & 

0.033 

Digitoxin 

 

N/A 10.6 
Cardiac 

glycosides 

Human 
ATPase 
Na+/K+ 
pump 

NC 
0.008 & 

0.011 

SkQ1 

 

3.85 1.9 Others Unknown 1.05 0.778 & 3.13 

CHR-3996 
 

0.07 7.23 

Anti-
cancer: 
HDAC 

inhibitors 

Human 
HDAC  

0.015 
0.728 & 

0.127 

Cymarine 

 

N/A 0.33 
Cardiac 

glycosides 

Human 
ATPase 
Na+/K+ 
pump 

9.95 
0.071 & 

0.102 

Proscillarid
in 

 

0.3 0.08 
Cardiac 

glycosides 

Human 
ATPase 
Na+/K+ 
pump  

9.95 
0.009 & 

0.014 

Alvespimyc
in 

hydrochlori
de 

 

1.75 0.96 Others 
Human 
HSP90 

0.272 
0.098 & 

0.014 

Halofugino
ne 

 

0.24 4.3 Others  
Human 
MMP-2 

0.001 
0.089 & 

0.036 

Octenidine 
 

1.25 1.825 
Antibiotic

s & 
antivirals 

Unknown NC NC 



Panobinost
at lactate 

 

0.3 0.22 

Anti-
cancer: 
HDAC 

inhibitors 

Human 
HDAC  

NC NC 

Mitoquino
ne 

mesylate 

 

11.7 12.1 Others 
Human 

mitochon
dria 

NC NC 

Stilbazium 
iodide 

 

8.745 1.57 
Antibiotic

s & 
antivirals 

Unknown NC NC 

Zinc 
Pyrithione 

 

1.675 2.6 
Antibiotic

s & 
antivirals 

Fungal 
proton 
pumps 

NC NC 

Istaroxime 

 

N/A 0.17 
Cardiac 

glycosides 

Human 
ATPase 
Na+/K+ 
pump  

NC NC 

Unidentifie
d 

compound 

 

N/A 0.04 Others Unknown NC NC 

(S)-(-)-
Tetrahydro
palmatine 

(L-THP) 
 

N/A 0.001 Others Unknown NC NC 

Myristyl-
gamma 

picolinium 
chloride 

 
4.15 7.2 

Antibiotic
s & 

antivirals 
Unknown NC NC 

Narasin 

 

46 43 
Antibiotic

s & 
antivirals 

Dengue 
virus 

NC NC 

Abbreviations:  

N/A: not active in dose-response analysis 

NC: not captured in primary screening  

MAO: mono amino oxidase 

HDAC: histone de-acetylase. 

 



Table S2. Kinase Inhibitors and Pathogen Box hit list with chemical structures and relative IC50 for both 

killing effect and stiffening activity. 

ID Chemical structure 
Killing 
IC50 
(µM) 

Stiffening 
IC50 
(µM) 

Library 
Molecular 

target 

Main 
previous 
screening 

approaches 

GSK1326255A 

 

8.4 0.48 
Kinase 

Inhibitors 
Box 

Human 
IGF1R 

(1–5) 

GSK1173862A 

 

2.4 0.345 
Kinase 

Inhibitors 
Box 

Human 
IGF1R 

(1, 4–6) 

GSK1220512A 

 

17 2.315 
Kinase 

Inhibitors 
Box 

Human 
IGF1R 

(1, 5, 7) 

GSK1321730A 

 

2.44 0.815 
Kinase 

Inhibitors 
Boxa 

Human 
IGF1R 

Not 
screened 

MMV020081 

 

29.3 1.47 
Pathogen 

Box 
Pf ATP4 (8–10) 

MMV667494 

 

0.07b 0.42b 
Pathogen 

Box 
Pf EF2 (8–10) 

MMV030734 

 

0.21b 0.365b 
Pathogen 

Box 
Pf CDPK1 (8–10) 

aHits chemical analog not present in the screened library 

bSpecific to female gamete formation 

Abbreviations: IGF1R: Insulin-like growth factor 1 receptor 

 

 



Table S3. Safety and pharmacokinetics in human healthy volunteers of N5SA inhibitors with similar 

chemical structures compared to TD-6450. 

Drug Chemical structure Safety Pharmacokinetics Intervention Clinical trial ID 

Elbasvir 

 

SAE (%): 0 
AE (%): 37.5 

Cmax: 0.163 µM 
t1/2: 25 hrs 

 

50 mg single 
dose 

NCT01937975 

Ledipasvir 

 

SAE (%): 0 
AE (%): 42.9 

Cmax: 0.362 µM 
t1/2: 39.9 hrs 

 

90 mg single 
dosea 

CTR20160149 

Daclatasvir 

 

SAE (%): 0 
AE (%): 16.7 

Cmax: 0.945 µM 
t1/2: 12.4 hrs 

 

30 mg single 
dose 

NCT00859053 

Velpatasvir 

 

SAE (%): 0 
AE (%): 42.9 

Cmax: 0.584 µM 
t1/2: 16.8 hrs 

 

100 mg 
single dosea 

CTR20160602 

Ombitasvir 
 

Favorable 
safety profile 

Cmax: 0.12 µM 
t1/2: 21-25 hrsb 

 

25 mg once 
daily for 14 

daysc 
NCT02534870 

Abbreviations: SAE: serious adverse event; AE: adverse event 

aIn combination with sofosbuvir 400 mg 

bData not taken from this clinical trial (11) 

cIn combination with paritaprevir (150 mg) and ritonavir (100 mg)  
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